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Description 

[0001] The present invention relates to a surface acoustic wave device and a metliod for producing the same. 
[0002] A surface acoustic wave device is used, for example, in a high frequency circuit of cellular phones. Fig. 12 
5 shows a SAW filter 1 in a plan view as an example of a conventional surface acoustic wave device (hereinafter, referred 
to also as a SAW device). The SAW filter 1 Includes a piezoelectric substrate 2 and a pair of interdigital transducers 
3a and 3b (hereinafter, referred to also as IDT electrodes) formed on the substrate 2. The substrate 2 is formed of 
LITaOs, LiNbOs or the like. 

[0003] In the SAW filter 1, If the substrate 2 has a pyroelectric property, a change In temperature In an assembly 
10 process or a change In temperature when used as a device causes non-unlformlty In electric charge distribution on 
the surface of the substrate 2, As a result, a potential difference Is generated between the IDT electrodes 3a and 3b 
so that discharge occurs between the electrodes. The discharge between the electrodes causes melting and cuttlng- 
off of the electrodes, resulting in deterioration or shift of the characteristics of the filter 

[0004] In order to solve the above problem, the following three methods have been proposed. A first method Is to 
connect the two IDT electrodes by a fine metal electrode (see JP 3-29407A}. However, since this metal electrode Is 
fine, the electric connection Is easily broken, for example by heat. Thus, this method cannot provide a reliable filter 
[0005] A second method Is to form a thin film having a predetermined resistivity that covers the IDT electrodes (see 
JP1 -1 0661 1 A, JP1 0-303681 A, and JP11-74750A). However, In the above method, since the IDT electrodes are covered 
with the thin film, the characteristics for propagation of surface acoustic waves may be deteriorated. In addition, a 
20 process for forming the thin film is required. 

[0006] A third method is to treat the substrate with heat in a reducing gas to reduce the surface resistance, and then 
to form IDT electrodes (see SURFACE 

ACOUSTIC WAVE DEVICE AND METHOD FOR PRODUCING THE SAME JP11-92147A) 

25 

[0007] However, the SAW filter obtained by the third method has a problem in that insertion loss of high frequency 
characteristics is increased. It is believed that this Is caused by lattice defects generated significantly deep in the 
substrate when the substrate is treated with heat In a reducing gas, which affects the propagation of the surface acoustic 
wave energy. 

30 [0008] Therefore, with the foregoing in mind, it is an object of the present invention to provide a surlace acoustic 
wave device in which discharge hardly occurs between the IDT electrodes and that has good characteristics for prop- 
agation of surface acoustic waves, and to provide a method for producing the same. 

[0009] A first surface acoustic wave device of the present Invention Includes a piezoelectric substrate, a first inter- 
digital transducer and a second interdigital transducer formed on the substrate so that the first and second interdigital 

35 transducers are opposed to each other. The substrate includes a doping region that is doped with a substance in at 
least one form selected from the group consisting of atoms, molecules and clusters in a surface between the first and 
second interdigital transducers. This substance may be in the form of ions or radicals. This invention is based on the 
discovery that when the doping region is formed between the electrodes, discharge between the electrodes can be 
suppressed. While not wishing to be bound by any particular theory, one reason might be that the doping region has 

40 a lower resistance than that of the substrate that is not doped. In the above-described SAW device, when a potential 
difference is generated between the first IDT electrode and tie second IDT electrode, electric charges are transferred 
via the doping region so that the potential difference is eliminated, Therefore, according to the above-described SAW 
device, discharge between the IDT electrodes can be suppressed. Moreover, in the above-described SAW device, the 
doping region is formed only in the surface of the substrate. Therefore, the SAW device has good characteristics for 

*5 propagation of surface acoustic waves. 

[0010] In the above-described surface acoustic wave device, the depth of the doping region may be not more than 
50nm. Most of the surface acoustic waves that propagate on the surface of the SAW device propagate In a region In 
a depth up to about 1/4 of the wavelength of the surface acoustic wave from the surface of the substrate. In the case 
of a SAW device with a 2GHz band using LINbOg, the surface acoustic waves propagate in a region in a depth up to 

50 about 0.5)im from the surface of the substrate. This embodiment can provide a SAW device having particularly good 
characteristics for propagation of the surface acoustic waves, because the doping region is sufficiently thin relative to 
the region for propagation. 

[0011] In the above-described surface acoustic wave device. It Is preferable that the doping region has a lower 
resistance than that of an inner portion of the substrate. 
55 [0012] In the above-described surface acoustic wave device, the sheet resistance of the doping region may be in a 
range from IQSa/nto IO^s^j/q jhjg embodiment particularly can suppress discharge between the IDT electrodes. 
[0013] In the above-described surface acoustic wave device, the substance may be a substance obtained by ionizing 
at least one selected from the group consisting of a reducing gas, sllane, nitrogen, oxygen, argon, silicon, arsenic. 
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boron, phosphorus, tin, indium, chromium, tantalum, molybdenum, germanium, and nickel. This embodimentcan pre- 
vent electric charges from being accumulated on the substrate, because the conductivity in the vicinity of the surface 
of the substrate becomes high. 

[0014] In the above-described surface acoustic wave device, the first and second interdigital transducers may be 
5 provided with an insulating layer on surfaces thereof. In this specification, "on a surface" includes "in a surface", and 
forming on a surface includes forming by doping In a surface. This embodiment can prevent the short-circuit of the 
electrodes caused by conductive particles. Moreover, this embodiment can prevent corrosion of the electrodes, and 
this effect is particularly large when the electrodes comprise aluminum. Furthermore, when the insulating layer is formed 
by doping a metal with impurities, the doping of impurities reduces the grain size of crystals on the surface of the 
10 electrodes, so that movement of atoms of A! or the like can be inhibited. Therefore, in this case, migration in the 
electrodes can be suppressed. 

[0015] In the above-described surface acoustic wave device, the average thickness of the insulating layer may be 
in a range from 2nm to 500nm, and the resistivity of the insulating layer may be not less than 10^ cm. An average 
thickness of the layer of 2nm or more can suppress the short-circuit between the electrodes and corrosion of the 
IS electrodes. An average thickness of the layer of SOOnm or less can prevent deterioration of the characteristics of the 
surface acoustic wave device. Funhermore, a resistivity of the insulating layer of not less than 10^ £1 cm particularly 
can suppress the short-circuit between tfie electrodes. 

[0016] In the above-described surface acoustic wave device, the insulating layer may be made of a metal nitride or 
a metal oxide. This embodiment can prevent not only pyroeiectrioity breakdown of the electrodes, but also corrosion 

20 of the electrodes and the short-circuit between the electrodes. 

[0017] In another aspect of the present inveritlon, a method for producing a surface acoustic wave device includes 
(a) forming a first interdigital transducer and a second Interdigital transducer on a piezoelectric substrate so that the 
first and second interdigital transducers are opposed to each ottier; and (b) forming a doping region in a surface of the 
substrate between the first and second interdigital transducers by doping the surface of the substrate with a substance 

25 in at least one form selected from the group consisting of atoms, molecules and clusters before or after the process 
(a). This substance may be in the form of ions or radicals. This method can provide a surface acoustic wave device in 
which discharge between the IDT electrodes hardly occurs and that has good characteristics for propagation of surface 
acoustic waves. 

[0018] In the above-described method for producing a surface acoustic wave device, the substrate may be doped 
30 with the substance in a depth of not more than 50nm from the surface thereof. This embodiment allows the doping 
region to be formed in a depth of not more than 50nm. 

[0019] In the above-described method for producing a surface acoustic wave device, it is preferable that the doping 
region has a lower resistance than that of an inner portion of the substrate. In this case, the sheet resistance of the 
doping region may be In a range from lOSQ/Dto 10i5£i/Q 
35 [0020] in the above-described method for producing a surface acoustic wave device, the substrate may be doped 
with the substance in ionized form. 

[0021 ] In the above-described method for producing a surface acoustic v^ave device, the dose of the substance may 
be in a range from l x lo^^ ions/cm^ to 1 x lo^^ ions/cm^. A dose of not less than 1 x 10^3 ions/cm^ can form a 
doping region having apreferablesheet resistance, Adoseofnot more than 1 x 10'''' ions/cm^ particularly can suppress 

45 the deterioration of the characteristics of the SAW device. 

[0022] In the above-described method for producing a surface acoustic wave device, the substrate may be doped 
with the substance in an energy of 0.01 keV to lOkeV. This embodiment allows the depth of the doping region to be 
50nm or less, and particularly can suppress the deterioration of the characteristics of the SAW device. 
[0023] In the above-described method for producing a surface acoustic wave device, the substance may be a sub- 

45 stance obtained by ionizing at least one selected from the group consisting of a reducing gas, sllane, nitrogen, oxygen, 
argon, silicon, arsenic, boron, phosphorus, tin, indium, chromium, tantalum, molybdenum, germanium, and nickel. 
[0024] In the above-described method for producing a surface acoustic wave device, the substrate may be doped 
with the substance by at least one technique selected from the group consisting of ion implantation, ion doping, plasma 
doping, laser doping and vapor phase doping. This embodiment can forni a doping layer simply and controllably 

50 [0025] The above-described method for producing a surface acoustic wave device further may include (c) forming 
an insulating layer In surfaces of the first and second interdigital transducers by doping the surfaces of the first and 
second interdigital transducers with impurities after the process (a). This embodiment can prevent the short-circuit 
between the electrodes caused by conductive particles. 

[0026] In the above-described method for producing a surface acoustic wave device, the impurities may be the same 
55 substance as said substance, and the process (c) may be performed at the same time as the process (b). This em- 
bodiment can form the doping region and the insulating layer at one time of doping. 

[0027] In the above-described method for producing a surface acoustic wave device, the impurities may be oxygen 
or nitrogen. 
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[0028] In the above-described method for producing a surface acoustic wave device, the average ttiicl^ness of the 
insulating layer may be in a range from 2nm to 500nm, and the resistivity of the insulating layer may be not less than 
106£lcm. 

[0029] A second surface acoustic wave device of the present invention includes a piezoelectric substrate, a first 
5 interdigital transducer and a second interdigital transducer formed on the substrate so that the first and second inter- 
digital transducers are opposed to each other, wherein the substrate includes a plurality of conductive regions that 
spaced apart from each other on a surface thereof between the first and second interdigital transducers, and a tunnel 
current flows between the first and second interdigital transducers via the conductive regions. 
[0030] As described above, the SAW device of the present invention and the method for producing a SAW device 
10 of the present invention easily provide a surface acoustic wave device in which discharge between the IDT electrodes 
hardly occurs and that has good characteristics for SAW propagation, The present Invention Is useful for various SAW 
devices such as ladder type or traveling-wave type SAW filters or SAW resonators. 

[0031] These and other advantages of the present Invention will become apparent to those skilled In the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 
15 [0032] Fig. 1 A Is a plan view of an example of a SAW device of the present Invention. 

[0033] Fig. 1 B Is a cross-sectional view of the example of the SAW device of the present Invention. 

[0034] Fig. 2 Is a cross-sectional view of another example of a SAW device of the present Invention. 

[0035] Figs. 3A to 3C are views showing a process sequence of an example of a method forproducing a SAW device 

of the present invention. 

20 [0036] Fig. 4 is a schematic view showing an example of a plasma doping apparatus used In a method for producing 

a SAW device of the present invention. 

[0037] Fig. 5 is a schematic view showing an example of an ion implanting apparatus used in a method for producing 
a SAW device of the present invention. 

[0038] Figs, 6A to 6D are views showing a process sequence of another example of a method for producing a SAW 
25 device of the present invention, 

[0039] Figs, 7A to 7C are views showing a process sequence of yet another example of a method for producing a 
SAW device of the present Invention. 

[0040] Figs, 3A to 8C are views showing a process sequence of still another example of a method for producing a 
SAW device of the present Invention. 
30 [0041 ] Figs, 9A to 9D are views showing a process sequence of another example of a method for producing a SAW 
device of the present Invention. 

[0042] Figs, 1 0A to 1 0C are views showing a process sequence of yet another example of a method for producing 
a SAW device of the present Invention. 

[0043] Fig. 11 A Is a cross-sectional view of yet another example of a SAW device of the present Invention . 
35 [0044] Fig. 11 B is a cross-sectional view of still another example of a SAW device of the present invention. 
[0045] Fig. 1 2 is a plan view of an example of a conventional SAW device. 

[0046] Hereinafter, embodiments of the present Invention will be described with reference to the accompanying draw- 
ings. 

45 Embodiment 1 

[0047] In Embodiment 1 , a SAW device of the present invention will be described. Fig. 1 A is a plan view of a SAW 

device 1 0 of Embodiment 1 . Fig. 1 B is a cross-sectional view of the SAW device i o taken along line X-X. 

[0048] Referring to Figs. 1 A and 1 B, the SAW device 1 0 Includes a substrate 1 1 , a pair of I DT electrodes 1 2 formed 

*5 on the substrate 11, and reflectors 13 formed on the substrate 11 . The pair of IDT electrodes 12 Includes a first IDT 
electrode 12a and a second IDT electrode 12b. The substrate 11 Includes a doping region 11a In a substrate surface 
Hsbetween the first IDT electrode 12a and the second IDT electrode 12b and between the IDT electrodes 12 and the 
reflectors 1 3. The SAW device 1 0 Includes electric wires or pad electrodes. If necessary. Furthermore, the SAW device 
of the present Invention may Include a plurality of sets of IDT electrodes on the substrate. 

50 [0049] A substrate having a piezoelectric property and a pyroelectric property can be used as the substrate 11 . 
Specifically, a substrate made of LITaOs or LINbOs can be used. More specifically, a 64° Y-cut X-propagating LINbOs 
substrate or a 39° Y-cut X-propagatIng LITaOg substrate can be used. 

[0050] The doping region 11a in the substrate 11 Is doped with a substance In at least one form selected from the 
group consisting of atoms, molecules and clusters. The substance for doping may be in the form of ions or radicals. 
55 The doping region 11a has a lower resistance than that of the inner portion of the substrate. In other words, the doping 
region 11 a has a lower resistance than that of the substrate that is not doped. The resistivity and the depth of the doping 
region 1 1 a are set to such values that can suppress discharge between the first IDT electrode I2a and the second IDT 
electrode 12b. Preferably, the depth of the doping region 11 a from the substrate surface lis IsSOnm or less, and more 
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preferably is 10nm or less. 

[0051] The sheet resistance of the substrate surface 11s between the first and the second IDT electrodes 12a and 
12b, namely, the sheet resistance of the doping reg on 11a, preferably is in the range from lOSQ/Dto ^0'^^Cl/^, more 
preferably in the range from 10i2£i/nto lO^^il/n (The shee: resistance is measured in an electric field of lO^V/cm or 
5 less, which also applies to the following), A sheet resistance of 1 0^Q/Dor more can suppress the deterioration of the 
characteristics of the SAW device 10 such as insertion loss. 

[0052] Discharge between the IDT electrodes 12a and 12b depends on the temperature, the rate of temperature 
change of the substrate 11, the state of the gas in contact with the surface of the substrate 1 1 , and the state of light 
with which the substrate is Irradiated during the production process or In use. Moreover, the discharge depends on the 

10 distance between the two adjacent electrodes, the shape of the ends of the electrodes, and the area of the electrodes. 
Therefore, the sheet resistance of the doping region 11a Is adjusted In view of the aforementioned conditions. The 
sheet resistance can be adjusted by changing the type or the amount of thesubstance with which the substrate Is doped. 
[0053] The sheet resistance of a LITaOs substrate or a LINbOs substrate Is about 1 C^si/n or more In an average 
electric field of 1 0^V/cm or less when the substrate Is not doped. Thus, the sheet resistance of the surface of the doping 

IS region 1 1 a has a lower resistance than that of the Inner portion of the substrate. 

[0054] As the substance with which the doping region 1 1 a Is doped, for example, a substance obtained by Ionizing 
at least one Ion species selected from the group consisting of a reducing gas, sllane, nitrogen, oxygen, argon, silicon, 
arsenic, boron, phosphorus, tin. Indium, chromium, tantalum, molybdenum, germanium, and nickel can be used. As 
the reducing gas, for example, hydrogen, carbon monoxide, nitrogen monoxide or the like can be used. Among these, 

20 it is most preferable to use nitrogen as the ion species, because nitrogen causes only a small level of deterioration of 
the characteristics for propagation of surface acoustic waves. 

[0055] When a substrate made of an oxide such as LITaOg or LiNbOj is used. It is advantageous to use the reducing 
gas as the ion species. It is believed that when the reducing gas is used as the ion species, oxygen defects can be 
formed effectively on the surface of the substrate made of an oxide. IVlore specifically, such oxygen defects act as a 
25 donor so that the surface resistance of the doping region l la can be reduced, Furthermore, when the substrate is 
made of LlTaOj, it also is advantageous to dope the substrate with carbon or nitrogen. In this case, tantalum carbide 
or tantalum nitride, which Is a compound having a conductivity higher than that of LITaOs, Is fonned, so that the surface 
resistance of the doping region 11a Is reduced. 

[0056] It Is believed that also when a neutral gas such as Ar or nitrogen, gas having a relatively large mass, or a 
30 metal Is used as the Ion species, lattice defects can be formed In the substrate surface. It Is believed that such lattice 
defects act as a trap center, a donor, or an acceptor, so that the surface resistance of the doping region 11 a Is reduced. 
[0057] In the case where doping Is performed with accelerated Ions, the accelerating energy for doping can be In 
the range from 0.01 keV to 1 0keV. The dose In this case can be any amount, as long as the sheet resistance as described 
above Is attained, For example, a dose of 1 x ICS Ions/cm^ to 1 x 1 0'"' ions/cm^ can be used. 
35 [0058] Figs. 1 Aand IB show the IDT electrodes 12 only sciematically, and IDT electrodes 12 for practical use are 
provided with more branches, for example, 1 00 to 500 branches. The IDT electrodes are made ofAl, anAI alloy or other 
metals. As an Al alloy, for example, an Al-Cu alloy or an Al-Cu-Si alloy can be used. The IDT electrodes 12 can be 
formed with a single metal film or a plurality of metal films. The shortest distance between the first IDT electrode 12a 
and the second IDT electrode 12b depends on the speed of sound as determined by the frequency and the substrate 
45 material. For example, the shortest distance therebetween Is In the range from 0,01)j.m to 100^.m. 

[0059] The reflectors 13 are formed to suppress leakage of the surface acoustic waves from the IDT electrodes 12. 
The reflectors are formed in such a manner that the IDT electrodes 12 are interposed between the reflectors. The 
reflectors can be made of the same material as used for the IDT electrodes 1 2. 

[0060] The SAW device 1 0 can be used as a single device or in connection with a package, which encloses the SAW 
*5 device. The SAW device 1 0 can be connected to the package by wire bonding or flip chip bonding. 

[0061 ] Figs. 1 A and 1 B show the SAW device where the doping region 11 a Is formed only between adjacent elec- 
trodes (Including the IDT electrodes and the reflectors) on the substrate 11 . However, as shown In Fig. 60, the doping 
region can be formed In the entire surface of the substrate on the side where the IDT electrodes are formed. 
[0062] Furthermore, the SAW device of the present Invention may Include an Insulating layer on the surface of the 
50 IDT electrodes. Fig. 2 shows an example of such a SAW device 20 In section. The SAW device 20 Is different from the 
SAW device 1 0 only in the IDT electrodes and the reflectors, so that duplicate description will be omitted. 
[0063] The SAW device 20 includes IDT electrodes 22 and reflectors 23 formed on the substrate 11 . The IDT elec- 
trodes 22 include a first IDT electrode 22a and a second IDT electrode 22b. The first IDT electrode 22a and the second 
IDT electrode 22b are the first IDT electrode 12a and the second IDT electrode 12b provided with an insulating layer 
55 24 on the surfaces thereof, respectively. In other words, the IDT electrodes 22 are provided with the insulating layer 
24 on the surfaces thereof, Furthermore, the reflectors 23 are provided with an insulating layer 25 on the surface 
thereof. The resistivity of the Insulating layers 24 and 25 is, for example, 1 0^ n cm or more. The Insulating layers 24 
and 25 are made of, for example a metal nitride or a metal oxide. For example, aluminum nitride or aluminum oxide 
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can be used for the insulating layers 24 and 25. The thickness of the insulating layers 24 and 25 preferably is 2nm to 
500nm, more preferably 2nm to 1 0nm. The insulating Iayer24can be formed by doping the surface of the I DT electrodes 
made of a metal with impurities that form an insulator with the metal. Similarly, the insulating layer 25 can be formed 
by doping the reflectors made of a metal with impurities. Examples of the impurities include nitrogen and oxygen. 
5 Doping of the impurities can be performed in the same manner in which the doping region 11a is formed, which will be 
dsscnbed in Embodiment 2. 

[0064] The SAW device of Embodiment l can be produced in the same manner as described in Embodiment 2. 
[0065] In the SAW device of Embodiment 1, the doping region 11a is formed in the substrate surface lis. Therefore, 
this SAW device can prevent discharge tsetween the electrodes from occurring during and after production. Furlher- 
10 more, since the doping region 11a is formed only in the surface of the substrate 11 , the SAW device has good char- 
acteristics for propagation of surface acoustic waves. 

[0066] IVIoreover, the SAW device of Embodiment 1 can be miniaturized, because it is unnecessary to form metal 
electrodes for connection, unlike conventional SAW devices where the IDT electrodes are connected by metal elec- 
trodes, 

15 

Embodiment 2 

[0067] In Embodiment 2, a method of the present invention for producing a SAW device will be described. The same 
components as those described in Embodiment 1 bear the same reference numerals, and duplicate description will 
20 be omitted. 

[0068] The method of Embodiment 2 includes (a) forming a first IDT electrode and a second IDT electrode on a 
piezoelectric substrate in such a manner that the first IDT electrode and the second IDT electrode are opposed to each 
other. Hereinafter, this process may be referred to as process (a). 

[0069] Furthermore, this method includes (b) forming a doping region in a surface of the substrate by doping the 
25 surface of the substrate between the fir^t IDT electrode and the second IDT electrode with a substance in at least one 
form selected from the group consisting of atoms, molecules and clusters before or after the process (a). Hereinafter, 
this process may be referred to as process (b). The substance with which the substrate is doped may be In the form 
of ions or radicals. 

[0070] Hereinafter, an example of the method of Embodiment 2 will be described with reference to Figs. 3A to 3C. 

30 The drawings of the production process described below show only a part of the substrate. In the actual production 
process, a plurality of devices may be formed in a substrate and the substrate will be divided, if necessary. 
[0071 ] In this method, first, as shown in Fig. 3A, a pair of IDT electrodes 12 and reflectors 1 3 are formed on a substrate 
31 . A first IDT electrode 12a and a second IDT electrode 12b are opposed to each other. The substrate 31 becomes 
the substrate 11 . The IDT electrodes 12 can be formed by phololltho-etchlng or lift-off technology. 

35 [0072] Thereafter, as shown in Fig, 3B, the doping region 11a is formed in the substrate surface lis at least between 
the first IDT electrode 12a and the second IDT electrode 12b and between the IDT electrodes 12 and the reflectors 
13. The doping region lla can be formed by doping the substrate surface lls with a substance in at least one form 
selected from the group consisting of atoms, molecules and clusters (hereinafter, the substance may be referred to as 
an additive substance). Thus, the SAW device 10 provided with the substrate 11 can be produced. 

40 [0073] It Is preferable to dope the substrate surface 1 1s witi the additive substance in a depth of not more than 50nm 
(more preferably, not more than 10nm) from the substrate surface lis. In other words, it is preferable that the depth 
of the doping region 11a is not more than 50nm. The doping region 11a has a lower resistance than that of the inner 
portion of the substrate. The sheet resistance of the substrate surface lis, namely, the doping region lla, preferably 
is In the range from lO^ll/nto IQisji/Q more preferably in the range from ^0^^£iJDXo ^0''*Q/a 

45 [0074] The additive substance can be used in the form of ions for doping. In this case, the dose of ions can be any 
amount, as long as the sheet resistance as described above is attained. For example, a dose of 1 x 1 ions/cm^ to 
1 X lO^^ ions/cm2 can be used. Furthermore, in the case where doping is performed while accelerating ions, the 
accelerating energy for the doping can be in the range from 0.01 keV to 1 0keV. In particular, in the case where nitrogen 
ions are used for doping, it is preferable that doping is performed at an accelerating energy of O.OSkeV to 0.3keV. 

50 [0075] As the additive substance, for example, a substance obtained by ionizing at least one ion species selected 
from the group consisting of a reducing gas, silane, nitrogen, oxygen, argon, silicon, arsenic, boron, phosphorus, tin, 
indium, Cr, Ta, Mo, Ge, and Ni can be used, As the reducing gas, for example, hydrogen, carbon monoxide, nitrogen 
monoxide or the like can be used. As atoms with which the substrate is doped, nitrogen radicals or oxygen radicals 
can be used. 

55 [0076] When a substrate made of an oxide such as LiTa03 or LiNbOs is used, It is advantageous to use the reducing 
gas as the ion species. Furthermore, it also is advantageous to use a neutral gas such as Ar or nitrogen, gas having 
a relatively large mass, or metal ions. 

[0077] The doping of the additive substance can be performed by at least one technique selected from the group 
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consisting of ion implantation, ion doping, plasma doping, laser doping and vapor phase doping. In the ion implantation 
technique, doping is performed by accelerating ions generated in plasma and separating the ions by mass. In the ion 
doping technique, doping is performed by accelerating Ions generated In plasma without separating the ions by mass. 
In the plasma doping, doping is performed by expos ng the substrate to p asma. In the laser doping technique, doping 

5 is performed by irradiating the surface of the substrate with a laser while exposing the substrate to a gas comprising 
atoms with which the substrate is to be doped. In the vapor phase doping technique, doping is performed by exposing 
the substrate to a gas comprising atoms with which the substrate is to be doped and then treating the substrate with 
heat. Among these, plasma doping is preferable in that it is a low-temperature and low energy process, and therefore 
a shallow doping region can be formed easily. 

10 [0078] Fig. 4 schematically shows the structure of an example of a plasma doping apparatus, The doping apparatus 
40 includes a chamber 41 and a substrate stage 42 placed in the chamber 41 . A tube for gas supply (not shown) and 
a tube for exhaustion (not shown) are connected to the chamber 41. Plasma 43 is formed immediately above the 
substrate stage 42. A substrate 44 on the substrate stage 42 is exposed to the plasma 43 and doped with radicals or 
ions in the plasma 43. The plasma 43 Is formed by RF electrodes (not shown) provided in the chamber 41 . 

15 [0079] Fig. 5 schematically shows the structure of an example of an ion implanting apparatus. The ion implanting 
apparatus 50 includes a chamber 51 , a mass separator 52 connected to the chamber 51 and a substrate stage 53. A 
tube for gas supply (not shown) and a tube for exhaustion (not shown) are connected to the chamber 51 . Outside the 
chamber 51 , there is an extracted electrode 54 for ions. The chamber 51, the mass separator 52 and the substrate 
stage 53 are placed substantially under vacuum. The substrate stage 53 is movable. A substrate 56 is placed on the 

20 substrate stage 53. Plasma 55 is formec In the chamber 51 . Ions generated in the plasma 55 are extracted from the 
chamber 51 by the extracted electrode 54, accelerated by a pre-accelerator (not shown), separated by the mass sep- 
arator 52, and accelerated or decelerated by post-acceiera:or (not shewn), if necessary, and then implanted on the 
substrate 56. The plasma 55 is formed by RF electrodes provided In the chamber 51 . 

[0080] The SAW device 10 can be mounted in the manner shown in Fig. 3C. In the mounting process, first, the 
S5 substrate 11 is cut into individual elements, and then an element is fixed to a mounting substrate 33 with a resin 32. 
Then, wire bonding is performed using a bonding wire 34, and seam welding is performed In a nitrogen atmosphere. 
In this mounting process, the substrate 11 is heated. However, discharge can be prevented because the substrate 11 
is provided with the doping region 11a. 

[0081] In the above method, when the process (b) is performed before the process (a), the doping region may be 
30 etched during a process forforming the IDT electrodes 12 (e.g., dry etching). Forthis reason, in this case, the conditions 
for the process for forming the IDT electrodes are restricted. On the other hand, when the process (b) is performed 
after the process (a), such restrictions can be eliminated. 

[0082] When the process (b) is performed after the process (a), there is an advantage in that equipment or material 
can be shared with an apparatus used in another process. Examples of the apparatus used in another process Include 

35 a sputtering cleaning apparatus, a dry etching apparatus, and a resist ashing apparatus. Examples of the equipment 
that can be shared include a chamber, an ionizer, an exhausting apparatus and a gas tube. In particular, when the 
substrate is doped with ions by a plasma doping technique, doping of the ions can be performed using a dry etching 
apparatus, in this case, a dry etching process and the plasma doping process can be performed successively in the 
same chamber or different chambers. In this manner, the SAW device can be produced with good production yield and 

^5 reliability by performing the process (b) after process (a). 

[0083] When the SAW device 20 described in Embodiment 1 is produced, the method of the present invention may 
include a process forforming the Insulating layers 24 and 25 by doping the surfaces of the IDT electrodes 12 and the 
reflectors 13 with impurities after the process (a). Hereinafter, this process may be referred to as process (c). 
[0084] The insulating layers 24 and 25 can be formed after removing a resist on the electrodes. More specifically, 

*5 the insulating layers 24 and 25 can be formed before the process (b), at the same time as the process (b), or after the 
process (b). 

[0085] When the impurities in the process (c) are the same substance as the additive substance in the process (b), 
the processes (b) and (c) can be performed at the same time by one doping process. More specifically, when the IDT 
electrodes 12 and the reflectors 13 are made of a metal comprising Al, it is preferable to dope the substrate 31 , the 
50 IDT electrodes 12 and the reflectors 13 with nitrogen or oxygen. In this case, the insulating layers are fonnsd most 
efficiently by using nitrogen radials and oxygen radicals for doping. 

[0086] The method of Embodiment 2 can produce a SAW device in which discharge hardly occurs between the IDT 
electrodes and that has good characteristics for propagation of surface acoustic waves. Moreover, the method of Em- 
bodiment 2 can suppress discharge during production processes, so that the SAW device can be produced in good 

55 yield. 
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Examples 

[Q087] Hereinafter, the present invention will be described in detail by way of examples. Examples 1 to 4 are examples 
that can be carried out, and Example 5 is an example that was actually carried out. In the SAW devices In the following 
5 examples, a reflector is not formed. However, a reflector can be formed. 

Example 1 

[0088] In Example 1 , an example of a method for producing a SAW device of the present Invention will be described. 
10 Figs. 6A to 6D show a production process sequence of Example 1 . 

[0089] First, as shown in Fig. 6A, a substrate 61 made of LiTa03 is prepared, and the surface thereof is washed. 

Then, as shown in Fig. 6B, a doping region 61a having a sheet resistance in the range from 108n/n to 10i5£iD Is 

formed in the substrate 61 . The doping region 61 a can be formed by doping the substrate 61 with boron ions by plasma 

doping. The doping of boron Ions can be performed under the conditions of an Implantation energy of 700eV and a 
is dose of 1 X 10i6ions/cm2. 

[0090] Then, as shown In Fig. 6C, a metal film 62 (a thickness of BOOnm) made of aluminum Is fonned over the 

substrate 61 by sputtering. 

[0091] Then, as shown in Fig. 5D, IDT electrodes 63a and 63b are formed by removing unnecessary portions in the 
metal film 62. The IDT electrodes are formed in the following manner. First, a resist film (a thickness of 1 |im) is formed 
20 on the metal film 62, and a predetermined pattern is formed by photolithography Then, unnecessary portions in the 
metal film 62 are removed by dry-etching using a chlorine-based gas. Finally, the resist film is ashed with oxygen 
plasma. Thus, the formation of the IDT electrodes is completed. 

[0092] Thereafter, the mounting of the SAW device is performed. Specifically, first, the substrate 61 is diced and cut 
into individual elements. Next, die bonding is performed at 180°C with a silicon resin to bond the substrate 61 to a 
25 mounting substrate, Then, wire bonding is performed to the IDT electrodes 63a and 63b, Finally, seam welding is 
performed in a nitrogen atmosphere. 

[0093] As described above, in the method of Example 1 , ions are Implanted before the IDT electrodes are formed. 
According to the SAW device produced by the method of Example 1 , discharge between the electrodes can be pre- 
vented. 

30 [0094] As the ion species, a nitrogen gas comprising 0.1vol% to 5vol% of hydrogen, or a helium gas comprising 
O.lvol% to 5vol% of hydrogen may be used. In this case, for example, plasma doping can be performed under the 
conditions of an Implanting energy of TOOeV and a dose of 1 x IC^ Ions/cm^. 

Example 2 

35 

[0095] In Example 2, another example of a method for producing a SAW device of the present invention will be 
described. Figs. 7A to 7C show a production process sequence of Example 2. 

[0096] First, as shown in Fig 7A, a substrate 71 made of LITaOj Is prepared, and the surface thereof is washed. 
[0097] Then, as shown in Fig. 7B, IDT electrodes 73 including IDT electrodes 73a and 73b are formed. The IDT 

40 electrodes are formed in the following manner. First, a metal film (a thickness of 200nm) made of aluminum Is formed 
on a substrate 71 , and a resist film (a thickness of l am) having a predetermined pattern is formed on the metal film. 
Then, unnecessary portions in the metal film are removed by dry-etching using a chlorine-based gas. Finally, the resist 
film is ashed with oxygen plasma. Thus, the formation of the IDT electrodes is completed. 
[0098] Then, as shown in Fig. 7C, an insulating layer 74 is formed on the IDT electrodes 73a and 73b, At the same 

*5 time, a doping region 71 a having a sheet naslstance In the range from 1 0^£l/n to 1 0'^^Q/n is formed in a substrate 
surface 71 s between the IDT electrodes 73a and 73b. The Insulating layer 74 and the doping region 71 acan be formed 
by doping the substrate 71 with oxygen Ions by plasma doping. The doping of oxygen ions can be performed under 
the conditions of an Implantation energy of SOOOeV and a dose of 1 x 1 Ions/cm^. 
[0099] Finally, the SAW device is mounted on a mounting substrate in the same manner as in Example 1 . 

50 [0100] As described above, in the method of Example 2, ions are implanted afterthe IDT electrodes are formed and 
the resist film is removed. According to the SAW device produced by the method of Example 2, discharge between 
the electrodes can be prevented, Moreover, by fonnlng the Insulating layer on the surfaces of the electrodes, the 
method of Example 2 can suppress a short-circuit generated by conductive particles adhering during the production 
process. Furthermore, according to the SAW device produced by the method of Example 2, corrosion of the electrodes 

55 and stress migration can be suppressed. 
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Example 3 

[0101] In Example 3, another example of a method for producing a SAW device of the present invention will be 
described. Figs. 8A to 8C show a production process sequence of Examole 3. 
5 [0102] First, as shown in Fig, 8A, a substrate 81 made of LITaOj is prepared, and the surface thereof is washed. 
[0103] Then, as shown in Fig. 8B, IDT electrodes 83 including IDT electrodes 83a and 83b are formed. The IDT 
electrodes are formed in the same manner as in Example 2. 

[0104] Then, as shown in Fig. 8C, a doping region 81a having a sheet resistance in the range from 10®£l/nto 1 0''^ii/ 
□ Is formed in a substrate surface 81s between the IDS electrodes 83a and 83b. The doping region 81 a can be formed 
10 by doping the substrate 81 with boron ions by plasma doping. The doping of boron ions can be performed under the 
conditions of an implantation energy of 700eV and a dose of 1 x 10''® ions/cm^. When the boron ions are implanted, 
the boron ions are implanted also in the IDT electrodes. IHowever, this does not affect the electric characteristics of 
the SAW device, 

[0105] Finally, the SAW device Is mounted on a mounting substrate in the same manner as in Example 1 . 
15 [0106] As described above, in the method of Example 3, ions are implanted after the IDT electrodes are formed. 
According to the SAW device produced by the method of Example 3, discharge between the electrodes can be pre- 
vented. 

[0107] As the ion species, a nitrogen gas comprising 0.1voi% to 5voi% of hydrogen, or a helium gas comprising 
O.lvoi% to 5vol% of hydrogen may be used, in this case, for example, plasma doping can be performed under the 
20 conditions of an implanting energy of 700eV and a dose of 1 x lo'is ions/cm^. 

Example 4 

[0108] In Example 4, another example of a method for producing a SAW device of the present invention will be 
S5 described. Figs. 9A to 9D show a production process sequence of Example 4, 

[0109] First, as shown in Fig 9A, a substrate 91 made of LiTaOg is prepared, and the surface thereof is washed. 
[0110] Then, as shown in Fig. 9B, IDT electrodes 93 including IDT electrodes 93a and 93b are formed. The IDT 
electrodes are formed In the same manner as in Example 2. 

[0111] Then, as shown in Fig, 9C, an insulating layer 94 is formed on the surfaces of the IDT electrodes 93a and 
30 g3b. At the same time, a doping region 91 a is formed in a substrate surface 91 s between the IDS electrodes 93a and 
93b. The insulating layer 94 and the doping region 91 a can be formed by plasma-doping of oxygen ions. The doping 
of oxygen ions can be perfonned under the conditions of implantation energy: SOOOeV and dose: 1 x IC^ ions/cm^. 
[0112] Then, as shown in Fig. 9D, the doping region 91 a is doped with boron ions by plasma-doping, so that a doping 
region 91b having a lower resistance than that of the doping region 91a is fonned. The sheet resistance of the doping 
35 region 9 1 b is in the range from 1 Q^QJD to 1 CSJl/n The doping of boron ions can be performed under the conditions 
of an implantation energy of 700eV and a dose of 1 X IC^ ions/cm^. 

[0113] Finally, the SAW device is mounted on a mounting substrate in the same manner as in Example 1. 
[0114] As described above, in the method of Example 4, the same effects provided by the method of Example 2 can 
be obtained. Moreover, the method of Example 4 allows the sheet resistance of the doping region 91b to be controlled 

^5 easily. 

Example 5 

[0115] In Examples, an example of a SAW device actually produced by the method of the present invention will be 
45 described. Figs. 1 0A to 1 0C show a production process sequence of the method of Example 5, 

[0116] First, as shown in Fig. 10A, a substrate 101 made of LiTaOg was prepared, and the surface thereof was 
washed. 

[0117] Then, as shown in Fig. 10B, IDT electrodes 103 including IDT electrodes 103a and 103b were formed. The 
IDT electrodes were formed in the following manner First, a metal film (a thicltness of 200nm) made of an Al-Cu alloy 
50 (Al: Cu = 99.5: 0.5) was formed on the substrate 1 01 , and a resist film (a thickness of 1 .5\im) having a predetermined 
pattern was formed on the metal film. As the resist film, a positive type resist was used. Next, unnecessary portions 
in the metal film were removed by dry-etching with a mixed gas of BCig and Cig. Finally, the resist film was ashed with 
oxygen plasma, and thus the IDT electrodes were formed. 

[0118] Then, as shown in Fig. IOC, a doping region 101a was formed in a substrate surface 101s between the IDT 
55 electrodes 1 03a and 103b. The doping region 101 a can be formed by ICP plasma-doping of nitrogen ions. In this case, 
three types of SAW devices were formed under varied doping conditions. These three types of SAW devices were 
subjected to a heating test and evaluation of RF characteristics, in addition, the same tests were conducted with respect 
to a SAW device that was not doped with nitrogen ions as a comparative example. Table 1 shows the doping conditions 



9 



EP 1 089 431 A2 

and the results of the tests with respect to the above samples. 



Table 1 





Sample 1 


Sample 2 


Sample 3 


Comparative Ex, 


Doping 
condition 


ICP power (W) 


300 


300 


300 




Substrate bias 
power (W) 


250 


100 


100 




Vacuum degree (Pa) 


2 


2 


2 




Doping time (sec.) 


120 


120 


120 




Heating test results 


7 


1 


2 


100 


Loss ALoss (db) 


0.13 


1.03 


-O.Ol 


0 



[0119] The heating test was performed by heating 100 devices of each type of sample to 50°C with a hot plate and 
measuring the number of devices that was damaged by discharge. In Table 1 , the number of devices that was damaged 
of the 1 00 devices is shown. As the RF characteristics, the mean frequency and the frequency band were measured 
20 using a networit analyzer. 

[0120] As shown in Table 1, in the samples 1 to 3 of the present invention, pyroelectric breakdown due to heating 
was suppressed, compared to the comparative samples. In addition, in the sample 3 of the samples 1 to 3, there was 
essentially no loss. 

25 Example 6 

[0121] Hereinafter, two examples of other SAW devices to prevent piezoelectric breakdown will be described. Fig. 
11 A is a cross-sectional view of a SAW device 200 of a first example. Fig. 11 B is a cross sectional view of a SAW 
device 210 of a second example. 

so [0122] The SAW device 200 includes a substrate 201 made of piezoelectric material and IDT electrodes 202 formed 
on the substrate 201 . The IDT electrodes 202 include pairs of iDT electrodes 202a and 202b that are opposed to each 
other. The IDT electrodes 202 are the same as the IDT electrodes 12 described in Embodiment 1. 
[0123] In the SAW device 200, a plurality of dotted metals 203 are formed on a substrate surface at least between 
the IDT electrodes 202a and 202b. The metals 203 are separated by a distance that allows a tunnel current to flow 

35 between the adjacent metals 203. More specifically, the metals 203 are formed on the substrate at a density of 10 
metals /(xm^ or more. The metals can be formed, for example by performing a sensitizing treatment and an activating 
treatment, which are pre-treatments of electroless plating. More specifically, as the sensitizing treatment, the substrate 
201 is treated with a treatment aqueous solution (SnClg : lOg /I, HCI : 40ml/l, 323K). Furthermore, as the activating 
treatment, the substrate 201 is treated with a treatment aqueous solution (PdClg : 0.2g /I, HCI : 20ml/l, 323K). Thus, 

40 dotted metals made of palladium can be formed. 

[0124] In the SAW device 200, when a high voltage is applied across the electrodes, a tunnel current flows via the 
metals 203, so that discharge between the electrodes can be prevented Therefore, according to the SAW device 200, 
discharge breakdown can be prevented during and after the production process. Furthermore, since the metals 203 
are insulated, the characteristics of the device are not adversely affected. Furthermore, the SAW device 200 is not 

45 affected by environmental changes such as repetition stress and has high reliability 

[0125] The dotted metals 203 can be formed by other methods such as utilizing an early state (island-shaped metal) 
in metal deposition. 

[0126] The SAW device 210 includes a substrate 211 made of piezoelectric material and IDT electrodes 212 formed 
on the substrate 211 . The IDT electrodes 212 are the same as the IDT electrodes 12 described in Embodiment l . 
50 [0127] The substrate 211 is provided with doping regions 211 a (Fig. 1 1 B) formed in stripes. The doping regions may 
be formed in a mesh . The doping region 21 1 a is formed by doping the substrate with a substance in at least one form 
selected from the group consisting of atoms, molecules and clusters. 

[0128] In the SAW device 210, when a high voltage is applied across the electrodes, a tunnel current flows via the 
doping regions 211 a, so that discharge between the electrodes can be prevented. Therefore, according to the SAW 
55 device 210, the same effects provided by the SAW device 200 can be obtained. Furthermore, since the doping regions 
211a are formed in stripes in the SAW device 21 0, the direct current resistance is low and the high frequency resistance 
is high. For this reason, discharge between the electrodes can be prevented, and the same characteristics of a regular 
SAW device can be obtained. 
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Claims 

I. A surface acoustic wave device comprising a piezoeiectric substrate, a first interdigital transducer and a second 
interdigital transducer formed on tfie substrate so tfiat tfie first and second interdigitai transducers are opposed to 

5 each other, 

wherein the substrate inciudes a doping region that is doped with a substance in at ieast one form selected 
from the group consisting of atoms, moiecuies and clusters in a surface between the first and second interdigital 

transducers. 

10 2. The surface acoustic wave device according to claim 1 , wherein a depth of the doping region is not more than 50nm. 

3. The surface acoustic wave device according to claim 1 or 2, wherein the doping region has a lower resistance 
than that of an inner portion of the substrate, 

IS 4. The surface acoustic wave device according to claim 3, wherein a sheet resistance of the doping region is in a 
range from 1 0^Q/H to 1 0iSfl/Q 

5. The surface acoustic wave device according to claim 1 , wherein the substance is a substance obtained by ionizing 
at least one selected from the group consisting of a reducing gas, siiane, nitrogen, oxygen, argon, silicon, arsenic, 

20 boron, phosphorus, tin, indium, chromium, tantalum, molybdenum, germanium, and nickel. 

6. The surface acoustic wave device according to any one of claims 1 to 5, wherein the first and second interdigitai 
transducers are provided with an insulating layer on surfaces thereof. 

25 7. The surface acoustic wave device according to claim 6, wherein an average thickness of the insulating layer is in 
a range from 2nm to SOOnm, and a resistivity of the insulating layer is not less than 10^ £1 cm. 

8. The surface acoustic wave device according to claim 6, wherein the insulating layer is made of a metal nitride or 
a metal oxide. 

30 

9. A method for producing a surface acoustic wave device comprising: 

(a) fomiing a first interdigital transducer and a second interdigital transducer on a piezoelectric substrate so 
that the first and second interdigital transducers are opposed to each other; and 
35 (b) forming a doping region in a surface between the first and second interdigital transducers by doping the 

surface of the substrate with a substance in at least one form selected from the group consisting of atoms, 
molecules and clusters before or after the process (a). 

10. The method for producing a surface acoustic wave device according to claim 9, wherein the substrate is doped 
45 with the substance in a depth of not more than 50nm from the surface of the substrate. 

II. The method for producing a surface acoustic wave device according to claim 9 or 10, wherein the doping region 
has a lower resistance than that of an inner portion of the substrate. 

*5 12. The method for producing a surface acoustic wave device according to claim 11 , wherein a sheet resistance of 
the doping region is in a range from 108£3/nto lOiSQ/Q 

13. The method for producing a surface acoustic wave device according to any one of claims 9 to 12, wherein the 
substrate is doped with the substance in ionized form. 

50 

14. The method for producing a surface acoustic wave device according to claim 1 3, wherein a dose of the substance 
is in a range from 1 x IC^ ions/cm^ to 1 x lO^^ ions/cm^. 

15. The method for producing a surface acoustic wave device according to claim 13, wherein the substrate is doped 
55 with the substance at an energy of 0.01 keV to 1 0keV. 

16. The method for producing a surface acoustic wave device according to claim 13, wherein the substance is a 
substance obtained by ionizing at least one selected from the group consisting of a reducing gas, siiane, nitrogen, 
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oxygen, argon, silicon, arsenic, boron, pliospliorus, tin, indium, cliromium, tantalum, molybdenum, germanium, 
and nickel. 

17. The method for producing a surface acoustic wave device according to claim 9, wherein the substrate is doped 
5 with the substance by at least one technique selected from the group consisting of ion implantation, ion doping, 

plasma doping, laser doping and vapor phase coping. 

18. The method for producing a surface acoustic wave device according to claim 9, further comprising (c) forming an 
insulating layer In surfaces of the first and second Interdlgital transducers by doping the surfaces of the first and 

10 second interdlgital transducers with Impurities after the process (a). 

19. The method for producing a surface acoustic wave device according to claim 18, wherein the impurities are the 
same substance as said substance, and the process (c) is performed at the same time as the process (b). 

20. The method for producing a surface acoustic wave device according to claim 1 8, wherein the impurities are oxygen 
or nitrogen. 

21. The method for producing a surface acoustic wave device according to claim 18, wherein an average thickness 
of the Insulating layer is in a range from 2nm to 500nm, and a resistivity of the insulating layer is not less than 1 0^ 

20 a cm. 

22. A surface acoustic wave device comprising a piezoelectric substrate, a first Interdlgital transducer and a second 
interdlgital transducer formed on the substrate so that the first and second Interdigltal transducers are opposed to 

each other, 

25 Wherein the substrate includes a plurality of conductive regions spaced apart from each other on a surface 

thereof between the first and second interdigltal transducers, and a tunnel current flows between the first and 
second interdigltal transducers via the conductive regions. 



so 
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Fig. 2 
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Fig. 4 
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Fig. 12 
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